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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FUNCTION BLOCKS -

Part 1: Architecture

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object is to promote
international co-operation on all questions concerning standardization in the electric
this end and in addition to other activities, IEC publishes International Standargs, ™ i pecifications,
Technical Reports, Publicly Available Spe0|f|cat|ons (PAS) and Guides (he as “IEC

Publication(s)”). Their preparation is entrusted to technical committees; any IE N tiopal {tee Mterested
in the subject dealt with may participate in this preparatory work. al dnd non-
governmental organizations liaising with the IEC also participate in this greparaton

2) The formal decisions or agreements of IEC on technical matte

3) IEC Publications have the form of recommendations for i & accepted by IEC National
g arg M at the technical content of IEC
Publications is accurate, IEC cannot be vhich they are used or for any

misinterpretation by any end user.

4) In order to promote international uniformity, N itte ndertake to apply IEC Publications
transparently to the maximum extent posg 8ir national and regional publications. Any divergence
between any IEC Publication and the correspond onal publication shall be clearly indicated in
the latter.

5) IEC provides no marking i al and cannot be rendered responsible for any
equipment declared to be in Y f

6) All users should ensure|that the

7) No liability shall ch 1t
members of its
other damage of S

expenses arising q
Publications.

8) Attention is drawn\to the

9) Attention

C 61499-1 has been prepared by IEC technical committee 65:

Industrial-processuneasurement and control.

This standard cancels and replaces IEC/PAS 61499-1 published in 2000. This first edition
constitutes a technical revision.

The following major technical changes have occurred between the PAS edition and this
edition:

a) Syntax for network segments, links and parameters has been added in Clause B.3 to
correspond to the system model of 4.1.

b) Syntax for parameters instead of constant data connections has been included for
parameterization of function blocks, devices and resources in Clauses B.2 and B.3 for
better consistency with IEC 61131-3.

c) The execution control model of 5.2.2.2 has been simplified and updated for consistency
with modern models of state machine control.
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The text of this standard is based on the following documents:

CDV Report on voting
65/338/CDV 65/346/RVC

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

IEC 61499 consists of the following parts, under the general title Function blocks:

Part 1: Architecture
Part 2: Software tool requirements
Part 3: Tutorial information

Part 4: Rules for compliance profiles 1

The committee has decided that the contents of this publiCatiom witkremair unc¢hanged until

bstore.iec.ch" in

* reconfirmed;

* withdrawn;

* replaced by a revised edition, or
+ amended.

A bilingual version of this standard ma be@ad

T

1 Under consideration. Documents
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INTRODUCTION

The IEC 61499 series consists of four Parts:

d) Part 1 (this part of IEC 61499) contains:

e general requirements, including scope, normative references, definitions, and
reference models;

e rules for the declaration of function block types, and rules for the behavior of
instances of the types so declared;

e rules for the use of function blocks in the configuration of distributed Industrial-
Process Measurement and Control Systems (IPMCSs);

e rules for the use of function blocks in meeting the communi
distributed IPMCSs;

f) Part 3 has the purpose of mcrea |ng

e answers to Fregue ions<(FAQs) regarding the IEC 61499 series;

e example
problems

constructs to solve frequently encountered
ngineering.

configurabilitynof devices from multiple vendors by software tools of multiple suppliers.
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FUNCTION BLOCKS -

Part 1: Architecture

1 Scope

This part of IEC 61499 defines a generic architecture and presents guidelines for the use of
function blocks in distributed Industrial-Process Measurement and Control Systems
(IPMCSs). This architecture is presented in terms of implementable referepee models, textual
syntax and graphical representations. These models, representations and can be used
for:

the specification and standardization of function block tyges

e the implementation independent specificatio i alidation of
distributed IPMCSs;

e the configuration, implementation, opeyati maintenance of distributed
IPMCSs;

e the exchange of information
above functions.

NOTE 1 This part of IEC 61499 does not restrict
elements, except as such capabilities are represe

apabilities of IPMCSs or their system
ements defined herein. IEC 61499-4 addresses
ay be restricted by the functional capabilities

Part of the purpose of th bo, provide reference models for the use of
function blocks in othe support of the system life cycle, including
system planning, desig idation, operation and maintenance. The models
given in this , e M{ended to be generic, domain independent and

extensible to th iQ it 'd use of furiction blocks in other standards or for particular
applications or appl intended that specifications written according to the
rules given in thig concise, implementable, complete, unambiguous, and

consistent.
NOTE 2 The provision C 61499 alone are not sufficient to ensure interoperability among devices
of differen ying with this part of IEC 61499 may specify additional provisions to ensure

performance of system d ice, resource and application management functions.

2 Normative references

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

IEC 60050-351:1998, International Electrotechnical Vocabulary (IEV) — Part 351: Automatic
Control

IEC 61131-3:2003, Programmable controllers — Part 3: Programming languages

ISO/IEC 7498-1:1994, Information Technology — Open Systems Interconnection — Basic
Reference Model: The Basic Model

ISO/IEC 8824-1, Information technology - Abstract Syntax Notation One (ASN.1):
Specification of basic notation) Documents
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ISO/IEC 8825-1, Information technology - ASN.1 encoding rules: Specification of Basic
Encoding Rules (BER), Canonical Encoding Rules (CER) and Distinguished Encoding Rules
(DER)

ISO/IEC 10646, Information technology - Universal Multiple-Octet Coded Character Set
(UCS)

ISO/IEC 10731, Information technology - Open Systems Interconnection - Basic Reference
Model - Conventions for the definition of OSI services

ISO/AFNOR, Dictionary of Computer Science, 1989, ISBN 2-12-4869111-6

3 Terms and definitions

3.1
acceptor
function block instance which provides a socket ad

3.2
access path
association of a symbolic name with a

3.3
adapter connection

3.5
algorithir

finite set of we \edrules for the solution of a problem in a finite number of operations

3.6
application

software functional unit that is specific to the solution of a problem in industrial-process
measurement and control

NOTE An application may be distributed among resources, and may communicate with other applications.

3.7

attribute

property or characteristic of an entity, for instance, the version identifier of a function block
type specification

3.8

basic function block type

function block type that cannot be decomposed into other function blocks and that utilizes an
execution control chart (ECC) to control the execution of its algorithms
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3.9

bidirectional transaction

transaction in which a request and possibly data are conveyed from an requester to a
responder, and in which a response and possibly data are conveyed from the responder back
to the requester

3.10

character

member of a set of elements that is used for the representation, organization, or control of
data

[ISO/AFNOR: 1989]

3.1

communication connection
connection that utilizes the "communication mapping function" of &
the conveyance of information

3.12

communication function block
service interface function block that represents the jy
"communication mapping function" of a resource

3.13
communication function block type

3.14
component function blo
function block instance
function block type

NOTE A compone@; i

3.15

in terms of inte

onnected component function blocks, events, and variables

3.17

concurrent

pertaining to algorithms that are executed during a common period of time during which they
may have to alternately share common resources

3.18
configuration (of a system or device)
selecting functional units, assigning their locations and defining their interconnections

3.19

configuration (of a programmable controller system)

language element corresponding to a programmable controller system as defined in
IEC 61131-1

Documents
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3.20
configuration parameter
parameter related to the configuration of a system, device or resource

3.21

confirm primitive

service primitive which represents an interaction in which a resource indicates completion of
some algorithm previously invoked by an interaction represented by a request primitive

3.22
connection
association established between functional units for conveying information

[ISO/AFNOR: 1989]

3.23

critical region
operation or sequence of operations which is executed uy <y i ontrol of a
locking object which is associated with the data on which tf

3.24

data

reinterpretable representation of informatio manner suitable for
communication, interpretation or procgssiqg

[1ISO 2382-01.01.02]

3.25
data connection
association between two 1t

3.26
data input < >
interface of a functi s &s data from a data connection

h supplies data to a data connection

set of values together'with a set of permitted operations

[1ISO 2382-15.04.01]

3.29
declaration
mechanism for establishing the definition of an entity

NOTE A declaration may involve attaching an identifier to the entity, and allocating attributes such as data types
and algorithms to it.

3.30

device

independent physical entity capable of performing one or more specified functions in a
particular context and delimited by its interfaces

NOTE A programmable controller system as defined in IEC 61131-1 is a device.
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3.31
device management application
application whose primary function is the management of a multiple resources within a device

3.32
entity
particular thing, such as a person, place, process, object, concept, association, or event

3.33
event
instantaneous occurrence that is significant to scheduling the execution of an algorithm

NOTE The execution of an algorithm may make use of variables associated with an even

3.34
event connection
association among function blocks for the conveyance of events

3.35
event input

3.36
event output

interface of a function block which ca Odnnection

3.37
exception
event that causes suspens

3.38
execution
process of carr

3.39
Executig
EC actiox
element assqciated\with” an execution control state, which identifies an algorithm to be
executed and aneverny to be issued on completion of execution of the algorithm

3.40

Execution Control Chart

ECC

graphical or textual representation of the causal relationships among events at the event
inputs and event outputs of a function block and the execution of the function block's
algorithms, using execution control states, execution control transitions, and execution
control actions

3.41

Execution Control initial state

EC initial state

execution control state that is active upon initialization of an execution control chart
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3.42

Execution Control state

EC state

situation in which the behavior of a basic function block with respect to its variables is
determined by the algorithms associated with a specified set of execution control actions

3.43

Execution Control transition

EC transition

means by which control passes from a predecessor execution control state to a successor
execution control state

3.44

fault

abnormal condition that may cause a reduction in, or loss of, the ca
to perform a required function

ional unit

[IEC 61508-4:1998, 3.6.1]

3.45
function
specific purpose of an entity or its characteristic acti

3.46
function block
function block instance

software functional unit comprising an/individuak_ngamed, copy of a data structure upon which

NOTE 1 Typical operations of\q
structure.

NOTE 2 The function blo

programming Ianguafele \
3.47

function block ne

type whose instahcgs/are function blocks

NOTE Function block types include basic function block types, composite function block types, and service
interface function block types

3.49
functional unit
entity of hardware or software, or both, capable of accomplishing a specified purpose

[ISO 2382-01.01.40]

3.50

hardware

physical equipment, as opposed to programs, procedures, rules and associated
documentation

[ISO/AFNOR: 1989]
Documents
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3.51
identifier
one or more characters used to name an entity

3.52
implementation
development phase in which the hardware and software of a system become operational

3.53

indication primitive
service primitive which represents an interaction in which a resource either: a) indicates that
it has, on its own initiative, invoked some algorithm; or b) indicates that-an algorithm has
been invoked by a peer application

3.54
information

meaning that is currently assigned to data by means of the con¥ o\that data

[ISO/AFNOR: 1989]

3.55

input variable
variable whose value is supplied by a data ing
operations of a function block

be used in one or more

3.56
instance
functional unit comprising

3.57
instance name
identifier associ

3.58
instantiation
creation of a

3.59
interface
shared boundarty
characteristics, or 0

een two functional units, defined by functional characteristics, signal
er characteristics as appropriate

[IEV 351-11-19]

3.60

internal operation (of a function block)

operation associated with an algorithm of a function block, with its execution control, or with
the functional capabilities of the associated resource

3.61

internal variable

variable whose value is used or modified by one or more operations of a function block but is
not supplied by a data input or to a data output
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3.62
invocation
process of initiating the execution of the sequence of operations specified in an algorithm

3.63
link
design element describing the connection between a device and a network segment

3.64
literal
lexical unit that directly represents a value

3.65
management function block
function block whose primary function is the management of applica

3.66
management resource

3.67

mapping

set of features or attributes having defjr members of another set

3.68
message
ordered series of characters intended to ¢

[ISO 2382-16.02.01]
3.69

message sink

part of a commu ti ) in

[ISO 2382-16.02

PNméssages are considered to be received

part of & co unigation system from which messages are considered to originate

3.7
model
representation of a real world process, device, or concept

3.72
multitasking
mode of operation that provides for the concurrent execution of two or more algorithms

3.73
network
arrangement of nodes and interconnecting branches

[1ISO 2382-01.01.44]
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3.74

operation

well-defined action that, when applied to any permissible combination of known entities,
produces a new entity

[ISO 2382-02.10.01]

3.75

output variable

variable whose value is established by one or more operations of a function block, and is
supplied to a data output

NOTE An output parameter of a function block, as defined in IEC 61131-3, is an output variabile.

3.76

parameter
variable that is given a constant value for a specified application
application

[ISO 2382-02.02.04]

3.77

plug
plug adapter

3.78
provider
function block instance wp

3.79
request primitiv

service primitiv@'
algorithm provided-by

3.80
requester
functional u

3.81
resource
functional unit wr as independent control of its operation, and which provides various
services to applications, including the scheduling and execution of algorithms

NOTE 1 The RESOURCE defined in IEC 61131-3 is a programming language element corresponding to the
resource defined above.

NOTE 2 A device contains one or more resources.

3.82
resource management application
application whose primary function is the management of a single resource

3.83
responder
functional unit which concludes a transaction via a response primitive
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3.84

response primitive

service primitive which represents an interaction in which an application indicates that it has
completed some algorithm previously invoked by an interaction represented by an indication
primitive

3.85
sample
sense and retain the instantaneous value of a variable for later use

3.86

scheduling function
function which selects algorithms or operations for execution, and initia
this execution

and terminates

3.87
segment
physical partition of a communication network

3.88
service

3.89
service interface function block

function block which provides one or
service primitives to the function blod
outputs

3.90
service primitive

abstract, imple atio
and a resource
3.91

socket
socket adapter

e type which provides an end point for an adapter connection

3.92
software
intellectual creation comprising the programs, procedures, rules, configurations and any
associated documentation pertaining to the operation of a system

3.93
software tool
software that is used for the production, inspection or analysis of other software

3.94
subapplication instance
instance of a subapplication type inside an application or inside a subapplication type

NOTE A subapplication instance may be distributed among resources, i.e. its component function blocks or the
content of its component subapplications may be assigned to different resources.
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3.95

subapplication type

functional unit whose body consists of interconnected component function blocks or
component subapplications

NOTE A subapplication type enables the creation of substructures of applications in the form of a self-similar
hierarchy.

3.96

system

set of interrelated elements considered in a defined context as a whole and separated from
its environment

[IEV-351-11-01]

NOTE 1 Such elements may be both material objects and concepts as well as theesults for example
forms of organisation, mathematical methods, and programming languages)

3.97

transaction
unit of service in which a request and possibly da
responder, and in which a response and possibly 3 : e conveyed from the
responder back to the requester

3.98

type
software element which specifies the cg

attrit shared by all instances of the type

3.99
type name
identifier associated w

3.100 g}
unidirectional tr

transaction in whick d\gossibly data is conveyed from an requester to a

responder, and a re ge is not conveyed from the responder back to the
requester

3.101

variable

software en nay Yake different values, one at a time

NOTE 1 The values of&variable are usually restricted to a certain data type.

NOTE 2 Variables may be classified as input variables, output variables, and internal variables.
4 Reference models

4.1 System model

For the purposes of this specification, an Industrial Process Measurement and Control
System (IPMCS) is modeled, as shown in Figure 1, as a collection of devices interconnected
and communicating with each other by means of a communication network consisting of
segments and links. Devices are connected to network segments via links.
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Communication network
segment

| . |
link
I I i I

Device 1 Device 2 Device 3 Device 4

I Application A
I I

I Application B I

I I I AL O\

Controlled process

4.2 Device model

As illustrated in Figure ]
iot\intexface, and ean contain zero or more resources.

interface or communic

NOTE 1 A device is consid e iR e of\a corresponding device type, defined as specified in Clause
7.

NOTE 2 A device t Q e is sonsidered to be functionally equivalent to a resource as defined
in 4.3.

A "process
measureme

2 mapping between the physical process (analog
.) and the resources. Information exchanged with the

exchanged via_a cox munlcatlon network. Services provided by communication interfaces

may include:

° Presentation of communicated information to the resource as data or events, or both;

e Additional services to support programming, configuration, diagnostics, etc.

NOTE 3 Communication links may either be associated directly with a device, or with an instance of a specific
resource type ("communication resource"), onto which part of the distributed application may or may not be
mapped, depending on the resource type.
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Communication link(s)

----p = Data and event flow | Device boundary

Communication interface(s)

n

‘ 7 | : :
Resource x 'Resource y Resource z
M 1 prlication A i
A | ]
- [, ApplicatonC ] [ ApplicationB |
y A : : ‘

Y=
Process interface(s) (\&
Controlled process \>

Figure 2 — Device mo

e

4.3 Resource model Q
For the purposes of this part of IEC considéred to be a functional unit,
contained in a device which has independ its Operation. It may be created,

configured, parameterized, started up
a device.

ithout affecting other resources within

NOTE 1
Clause 7.

to the process a
resource.

they are able™tq prowde.

NOTE 4 The consideratioy of other possible aspects of resources is beyond the scope of this part of IEC 61499.

As illustrated in Figure 3, a resource is modeled by the following:

e One or more "local applications" (or local parts of distributed applications). The
variables and events handled in this part are input and output variables and
events at event inputs and event outputs of function blocks that perform the
operations needed by the application.

e A "process mapping" part whose function is to perform a mapping of data and
events between applications and process interface(s). As shown in Figure 3, this
mapping may be modeled by service interface function blocks specialized for this
purpose.

e A "communication mapping" part whose function is to perform a mapping of data
and events between applications and communication interfaces. As shown in
Figure 3, this mapping may be modeled by service interface function blocks
specialized for this purpose.
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e A scheduling function which effects the execution of, and data transfer between,
the function blocks in the applications, according to the timing and sequence
requirements determined by: 1) the occurrence of events; 2) function block
interconnections; and 3) scheduling information such as periods and priorities.
Means of achieving traditional scheduling functions, such as cyclic execution of a
function block network are described in IEC 61499-3, Clause 3.

7 Communication interface(s)

Local application

Communicatiof) mapping (or local part of distributed application)

|_ Events / N N

] — ] —

Service | e

|nten‘_ace Algorithm

function unction
ck

block

-

mapping

NOTE 1
normative.

isre 3 — Resource model

For the purposss g
network, whose nod
whose branches z

t part of IEC 61499, an application consists of a function block
es are function blocks or subapplications and their parameters and
e data connections and event connections.

Subapplications are instances of subapplication types, which like applications consist of
function block networks. Application names, subapplication and function block instance
names may therefore be used to create a hierarchy of identifiers that can uniquely identify
every function block instance in a system.

An application can be distributed among several resources in the same or different devices. A
resource uses the causal relationships specified by the application to determine the
appropriate responses to events which may arise from communication and process interfaces
or from other functions of the resource. These responses may include:

e Scheduling and execution of algorithms
e Modification of variables
e Generation of additional events

e Interactions with communication and process interfaces

Documents

Document Sharing Hub

Full document details: IEC 61499-12005


http://avadocuments2026.com/doc/iec-61499-1-2005
http://avadocuments2026.com/doc/iec-61499-1-2005

-22- 61499-1 & IEC:2005(E)

In the context of this part of IEC 61499, applications are defined by function block networks
specifying event and data flow among function block or subapplication instances, as
illustrated in Figure 4. The event flow determines the scheduling and execution by the
associated resource of the operations specified by each function block's algorithm(s),
according to the rules given in Clause 5.

Standards, components and systems complying with this part of IEC 61499 may utilize
alternative means for scheduling of execution. Such alternative means shall be exactly
specified using the elements defined in this part of IEC 61499.

&

E\;ent flow

’ A

q

"*" ' "*" \§§

y

Y v
A 4

4.5 Function block m

4.5.1 Characterist

A function bloc
individual, name
from one invocation

instances are
described in 4,5.2

re’ specified by a function block type, which persists
to the next. The characteristics of function block

e a set of &vent inputs, each of which can receive events from an event connection
which may affect the execution of one or more algorithms;

e a set of event outputs, each of which can issue events to an event connection
depending on the execution of algorithms or on some other functional capability of
the resource in which the function block is located;

e a set of data inputs, which may be mapped to corresponding input variables;
e a set of data outputs, which may be mapped to corresponding output variables;
e internal data, which may be mapped to a set of internal variables;

e functional characteristics which are determined by combining internal data or state
information, or both, with a set of algorithms, functional capabilities of the
associated resource, or both. These functional characteristics are defined in the
function block's type specification.

NOTE 1 Internal state information may be represented by internal variables or by an internal representation of an

execution control state machine.
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Event inputs Event outputs

Instance name

Event flow v n ' Event flow
Execution
—P — control —_— —
_| (hidden) r
Type name
— Algorithms I
Data flow (hidden) Data flow
—>

Internal data
(hidden)

Data inputs

Figure 5 — Characteristic
. N nib ) -

A function block tyre s a software element which specifies the characteristics of all instances
of the type, including:

o Its type name.
e The number, names, type names and order of event inputs and event outputs.

e The number, names, data type and order of input, output and internal variables.

Mechanisms for the declaration of these characteristics are defined in 5.2.1.
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In addition, the function block type specification defines the functionality of instances of the
type. This functionality may be expressed as follows:

e For basic function block types, declaration mechanisms are provided in 5.2.1.3 for
the specification of algorithms, which operate on the values of input variables,
output variables, and internal variables to produce new values of output variables
and internal variables. The associations among the invocation of algorithms and
the occurrence of events at event inputs and outputs are expressed in terms of an
execution control chart (ECC), using the declaration mechanisms defined in
5.2.1.4.

e The functionality of an instance of a composite function block type or a
subapplication type is declared, using the mechanisms defined in 5.3.1 and 5.4.1
respectively, in terms of data connections and event confiections among its
component function blocks or subapplications and the evept\and dafa_inputs and
outputs of the composite function block or the subapplica FOR.

described by a mapping of service primitives to evg , nt outputs, data
inputs and data outputs, using the declaration mecha

As shown in Figure 6, the execution o ction blocks is invoked by the
execution control portion of a functiop® ock eNin response to events at event inputs
This invocation takes the form of a equ duling function of the associated
resource to schedule the algoxithm's operations. Upon completion of

execution of an algorithf ' i egnerates zero or more events at event
outputs as appropriatep

NOTE 1 Events at exent e i ection to event outputs of other function block instances or
the same function ® Events af\these gVvent outputs may be generated by execution control as
described above, 0 "process mapping", "scheduling”, or other functional

capability of the resourcg

NOTE 2 Execution gbntro posijte function blocks is achieved via event flow within the function block body

Figure 6 dep svents and algorithm execution for the case in which a single

event input and a single event output are associated. The relevant times

in this diag

t1: RelevanitN griab i.e., those associated with the event input by the WITH
qualifier defined inb5.2.1.2) are made available.

t2: The event at the event input occurs.

t3: The execution control function notifies the resource scheduling function to schedule an
algorithm for execution.

t4: Algorithm execution begins.

t5: The algorithm completes the establishment of values for the output variables associated
with the event output by the WITH qualifier defined in 5.2.1.2.

t6: The resource scheduling function is notified that algorithm execution has ended.
t7: The scheduling function invokes the execution control function.

t8: The execution control function signals an event at the event output.
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As shown in Figure 7, the significant timing delays in this case which are of interest in
application design are:

Teotup = 12 — t1

setup

T = t4 — t2 (time from event at event input to beginning of algorithm execution).

start
Ta|g = 16 — t4 (algorithm execution time).

Tsinish = 18 — 16 (time from end of algorithm execution to event at event output).

2 Executionl control t8
function
X
]

L W< ts 5
—_— Algorith j >
£ t%“}g\@; O

y

fomasi
e

NOTE This figure is illustrative

1 2 3 4 5 6 7 8
NOTE The axis labels 1, 2, etc. in the above figure correspond to the times t1, t2, etc. in Figure 6.

Figure 7 — Execution timing

Normative requirements for the specification of function block execution control in the general
case (which includes the above case) are defined in Clause 5.

NOTE 3 Depending on the problem to be solved, various requirements may exist for the synchronization of the
values of input variables with the execution of algorithms. Such requirements may include, for example:

— Assurance that the values of variables used by an algorithm remain stable during the execution of the
algorithm.

— Assurance that the values of variables used by an algorithm correspond to the data present upon the
occurrence of the event at the event input which caused the scheduling of the algorithm for execution.

— Assurance that the values of variables used by all algorithms scheduled for execution in a function block
correspond to the data present upon the occurrence of the event at the event input which caused the

scheduling of the first such algorithm for execution. Documents
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Users of this part of IEC 61499 should be aware that the results of algorithm execution may be unpredictable if
such requirements are not met.

NOTE 4 Resources may need to schedule the execution of algorithms in a multitasking manner. The specification
of attributes to facilitate such scheduling is described in Annex G.

4.6 Distribution model

As illustrated in Figure 8a), an application or subapplication can be distributed by allocating
its function block instances to different resources in one or more devices. Since the internal
details of a function block are hidden from any application or subapplication utilizing it, a
function block shall form an atomic unit of distribution. That is, all the elements contained in a
given function block instance shall be contained within the same resource.

The functional relationships among the function blocks of an applica

iQn or stibapplication
shall not be affected by its distribution. However, in contras i

to aph™apphication or
N U

e Clause 6 defines the requirements for cc (nicatj ervices to support
distribution of applications or subapplications devices.

devices. Figure 8b) illus 3 3/management resource provides shared
facilities for managemen ; ithin a device, while Figure 8c) illustrates the
distribution of S resources within a device. Management
applications m entation-dependent service interface function
blocks and com
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Application A
n h o .
\\ /
1 i
\ [
I 1 i 1
i i | I
Device 1 Devicg 2 Device Device 4
CITY
[ ApplicationA |
I I | ]
[ Contrdled process/machines ]

a) Distribution model

Communication link(s)

m Devi

Communication/iqterface(s)\( \/
N\
Managems@'e}wi Resoyrce Resource z

|Devicemanagen}eﬁeppw\\ oEaoTE ]

|Resource y manag%{nenl(eﬁ]p{catich*\ /Applilcation c |

|Kesohfge z/ﬁarﬁg{rﬁe\nt abpli\ca)ion‘l
N

%

management model

Process interface(s)

Controlled process

9,

b a

Communication link(s
Device boundary

Communication interface(s)

\/ Resource x

Resource y Resource z
Resource x Resource y Resource z
management management management
application application application
Applicaton A~ | [ Application B |
I| Application C

| | | |
Process interface(s)

Controlled process

c) Distributed management model

Figure 8 — Distribution and management models
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4.8 Operational state models

Any given system has to be designed, commissioned, operated and maintained. This is
modeled through the concept of the system "life cycle". In turn, a system is composed of
several functional units such as devices, resources, and applications, each of which has its
own life cycle.

Different actions may have to be performed to support functional units at each step of the life
cycle. To characterize which action can be done and maintain integrity of functional units,
"operational states" shall be defined, for example, OPERATIONAL, CONFIGURABLE,
LOADED, STOPPED, etc.

Each operational state of a functional unit specifies which actions are 4
with an expected behavior.

ized, together

Examples of the use of operational states are:

e A functional unit in a RUNNING state,
receive a download action.

may not be able to

sistent operational state

across propagate changes of
Specific operational states for managed functio tances are defined in 6.3.3.
5 Specification of fu tion and adapter interface types
5.1 Overview
As illustrated in@ e 9 S fines the means for the type specification of three

kinds of blocks:

e means for specifying and determining the behavior of
iction block types, as illustrated in Figure 9a). In this type of

.3 defines the means for specifying composite function block types, as
illustrated” in Figure 9b). In this type of function block, algorithms and their
execution control are specified through event and data connections in one or more
function block networks.

e Subclause 5.4 defines the means for specifying subapplication types, as
illustrated in Figure 9c). In this type of block, algorithms and their execution
control are specified as for composite function block types, but with the specific
property that component function blocks of subapplications may be distributed
among several resources. Subapplications may be nested, such that the body of a
subapplication may also contain component subapplications.

Other means may be used for describing the behavior of instances of a function block type.
The specification of such means is beyond the scope of this part of IEC 61499; therefore it is
required that when such means are used, an unambiguous mapping shall be given between
their terms and concepts and the corresponding terms and concepts of this part of
IEC 61499.
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El variables EO variables El variables EO variables
a) b)
Execution 7 e
control —_ — 1 —
chart % _‘ /F

Type identifier

Algorithms I

Type identifier

Internal
variables <\
Input variables Output variables  Input variab utout variables
Event inputs nt outpu

\

] N
=l

9%
|

T

Data inputs Data outputs

a) Basic function bte

b) Composite function blsck (5.3),

c) Subapplication (5.4)
Figure 9 — Function block and subapplication types
NOTE This figure is illustrative only. The graphical representation is not normative.
5.2 Basic function blocks
5.2.1 Type declaration
5.2.11 General

A basic function block utilizes an execution control chart (ECC) to control the execution of its
algorithms.
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As illustrated in Figure 10, a basic function block type can be declared textually according to
the syntax specified in Clause B.2 or graphically according to the following rules:
The function block type name is shown at the top center of the lower portion of the block.

2. The names and type declarations of input variables and socket adapters are shown at the
left edge of the lower portion of the block.

3. The names and type declarations of input variables and plug adapters are shown at the
right edge of the lower portion of the block.

4. The interface of the function block type to events is declared in the upper portion of the
block as specified in 5.2.1.2.

5. The algorithms associated with the function block type are declared_as specified in

5.2.1.3.
6. Control of the execution of the associated algorithms is declared as 5.2.1.4.
IMNIT_EWENT BEINIT IMNITD T
EVENT —8 EX Ex O B

4
INTEGRAL REAL ™
BEOOL—e—+—HOLD X OUT |
REAL —E—1—{%IN

TIME . ;}\f\cLE/@ G

NOTE 1 See Annex G for a textual declaration of this exa

[aml

==

5.2.1.2 Event interface

As shown in Figure 10\ the inte basjc function block type to events can be declared

textually accor q ) ' duse B.2, or graphically according to the following

rules:

a) Event interfates\a istinct area at the top of the block.

b) Event input n at the left-hand side of the upper portion of the block

c) Even are skbwn at the right-hand side of the upper portion of the block.

d) Even owh outside the block adjacent to their associated event inputs or
outputs.

NOTE 1 If no event ty

NOTE 2 An event output of type EVENT can be connected to an event input of any type, and an event input of
type EVENT can receive an event of any type.

NOTE 3 An event output of any type other than EVENT can only be connected to an event input of the same type
or of type EVENT.

NOTE 4 An event type is implicitly declared by its use in an event declaration.

As illustrated in Figure 10 and Annex G, the wiTa qualifier or a graphical equivalent shall be
used to specify an association among input variables or output variables and an event at the
associated event input or event output, respectively.

Each input variable and output variable appears in zero or more WITH clauses or their
graphical equivalents.

NOTE 5 This information may be used to determine the required communication services when configuring a
distributed application as described in Clause 7.

NOTE 6 An input variable that does not appear in any WITH clause cannot be connected with an output variable
of another function block. The values of such variables either remain at their declared initial r
established by management commands such as WRITE, as described in 6.3.1. ﬂﬁtu Fﬁents
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NOTE 7 An output variable that does not appear in any WITH clause can be connected to an input variable of
another function block or can be "read" by management commands such as READ, as described in 6.3.1.

NOTE 8 See 4.5.3 for an application of the WITH qualifier to the execution model of a basic function block.

5.2.1.3 Algorithm declaration

As shown in Annex G, algorithms associated with a basic function block type may be included
in the function block type declaration according to the rules for declaration of the function
block type specification given in Annex B. Other means may also be used for the
specification of the identifiers and bodies of algorithms; however, the specification of such
means is beyond the scope of this part of IEC 61499.

5.2.1.4 Declaration of algorithm execution control

the function block type specification. If the algorithms of a basi
defined as specified in 5.2.1.3 (or otherwise identified), then
invocation for such a function block can be in the form of an £
consisting of EC states, EC transitions, and EC actions. The
interpreted as follows:

a) The ECC is included

b) The ECC shall contain exact iy sented graphically as a
k initial state shall have no

c) represented graphically as single-

d) The ECC can utdizeNbut no i 2s declared in the function block type
specification.

e) An EC state can have 2 ‘ iated EC actions. The association of the EC
actions \<::>t »
f) The algo G g with an EC action, and the event (if any) to be

issued on ¢cgn i algarithm, shall be expressed in graphical or textual form.

ball have an associated Boolean condition, equivalent to a
utilizing one or more event input variables, input variables, output

Clause B.2 is given in Annex F.

NOTE 1 According to the model given in 5.2.2, the evaluation of an EC transition condition is disabled until the
algorithms associated with its predecessor EC state have completed their execution. Therefore, for example, the 1
in the EC transitions following the EC states INIT and MAIN is equivalent in this case to the use of INITO and
EXO, respectively.

NOTE 2 In this restricted domain, the same symbol (e.g., INIT) can be used to represent an EC state and
algorithm name, since the referent of the symbol can be inferred easily from its usage.

NOTE 3 The text in italics is not part of the ECC.

NOTE 4 One-to-one association of events with algorithms, as illustrated in this figure, is frequently encountered
but is not the only possible usage. See Table A.1 for examples of other usages, for example, the E_SPLIT block
shows an association of two event outputs with one state but no algorithms; E_MERGE shows an association of
one output event but no algorithms with two event inputs; E_DEMUX shows any of several algorithms associated
with a single input event; etc.
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START || EC initial state

EC transition

INIT E 1
EC action

| INIT '—| INIT| INITO | | MA|N|—| MAIN| EXO | event

EC state  algorithm

Figure 11 - ECC example

5.2.2 Behavior of instances

5.2.2.1 Initialization

b) Any additional algorithm- speC|f|c |n|t|al| at

c) The EC initial state of the funcilan b forr” Control Chart (ECC) shall be
ated, and the ECC operation state

The function block type ify anaitiafization algorithm to be performed upon the

occurrence of an appt ple the INIT algorlthm shown in Figure 11. An
application can
example by conn )

an appropriate event

ystance of the E_ RESTART type defined in Annex A to
e INIT input shown in Figure 10.

5.2.2.2

%\ assuciated with a function block instance is invoked by a request to
of the resource to schedule the execution of the algorithm's
operations.

NOTE 1 The operations/performed by an algorithm may vary from one execution to the next due to changed
internal states of the function block, even though the function block may have only a single algorithm and a single
event input triggering its execution.

Algorithm invocation for an instance of a basic function block type shall be accomplished by
the functional equivalent of the operation of its execution control chart (ECC). The operation
of the ECC shall exhibit the behavior defined by the state machine in Figure 12 and Table 1.

NOTE 2 It is a consequence of this model that an occurrence of an event at an event input will not cause a
transition containing the event to clear, if the transition is not associated with the currently active state, i.e., if the

event is not relevant in the given state. However, sampling of the input variables associated to the event by a
WITH construct will occur in any case.
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t1

t3

©

Figure 12 — ECC operation state machine

Table 1 — States and transitions of ECC operatl}n@x hi

State \ \\\&per tIOM

=0 SN\ AN

s1 / evaluate transitions

c,e

s2 /\K ) A perform actions

d,e

Transition Condg'll(o\\ A > U ‘\) Operations

t1 invoke E&Qa \ \/ Sample inputsP-€

t2 no transitio@ars

t3 a transitiokcle&s

z e

This transition is activaled Wn event input.

This operation comgists

declarations as

€ This operation consi
clearing the first &C

All operations perfo
critical region with a lock on the function block instance.

iables associated with the current event input by a WITH

hich a TRUE condition is found. "Clearing the EC transition"
state and activating its successor EC state. The order in which the

transition condltl S ae valu eSponds to the order in which they are declared following the textual
syntax defi \ ntly in the XML syntax defined in IEC 61499-2.

d This op, for eg€h EC action associated with the active EC step, executing the associated
algorit and issuihg an event at the associated event output, if any. The order in which the actions
are pe pends tp the order in which they appear graphically from top to bottom, or to the order in
which they>are decla olfowing the textual syntax defined in B.2.1, or equivalently in the XML syntax defined

ed from an occurrence of transition t1 to an occurrence of t2 shall be implemented as a

5.2.2.3 Algorithm execution

Algorithm execution in a basic function block shall consist of the execution of a finite
sequence of operations determined by implementation-dependent rules appropriate to the
language in which the algorithm is written, the resource in which it executes, and the domain
to which it applies. Algorithm execution terminates after execution of the last operation in this

sequence.

If an algorithm implements a state machine, repeated executions of the algorithm are
necessary to recognize or perform state changes. Normally there is no association between
those state changes and the completion of the algorithm. Such associations shall be created

by the event output generation facilities described in 5.2.2.2.
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